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ABSTRACT
A Preliminary Study Using Electropalatography in Second Language Instruction:
An Examination of Formant Frequencies
Summer Ann Price
Department of Communication Disorders, BYU
Master of Science
The importance of accent reduction to those who are learning English as a second
language cannot be understated as it has direct and indirect impacts on credibility and income.
This study is an evaluation of an instructional technique involving visual feedback through an
electropalatography device to assist speakers in acquiring the /r/ and /l/ sound contrast in
American English and whether or not that progress varied across speech task type or word
position. This study involved four native Japanese participants in their first semester at the
English Language Center located at Brigham Young University. Each subject participated in 7
45-minute sessions over the course of 4 weeks. The sessions used a hybrid instructional approach
which included traditional auditory feedback combined with intermittent, real-time visual
feedback provided by the EPG sensor. Measurements of the third formant of each target sound
was extracted from baseline, posttreatment, and follow-up recordings using Praat acoustic
analysis software. Overall, all subjects showed a greater contrast in F3 from the baseline
assessment to the posttreatment assessment. The subjects demonstrated a greater contrast in F3
during the word task type and also when the phonemes were in the final position of words.

Keywords: electropalatography, Japanese, second-language acquisition, task type, accent
reduction
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DESCRIPTION OF THESIS STRUCTURE
This thesis, A Preliminary Study Using Electropalatography in Second Language
Instruction: An Examination of Formant Frequencies is part of a larger study exploring the
effectiveness of EPG technology as an instructional tool in second language accent reduction.
Portions of this thesis may be submitted for publication, with the thesis author being included in
the list of contributing coauthors. The consent forms used in the study are provided in Appendix
A, a description of the instruction protocol is included in Appendix B, a series of tables that
contain the specific F3 measures for the subjects across assessment condition, task type, and
word position in Appendix C, and an annotated bibliography is provided in Appendix D.
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Introduction
Learning English as a second language (L2) can be beneficial for numerous reasons.
Research has shown that when native speakers of English have a hard time processing what a
conversational partner has said to them, due to an accent or otherwise, they judge their message
as less credible (Lev-Ari & Keysar, 2010). Day and Shin (2005) used census data to show that
individuals who spoke English “very well” earned $7,000 more than those who only spoke
English “well.” For these reasons, individuals who are learning English as a second language
may have the desire to reduce their native accent.
While it is easy to see the benefits of learning English as a second language, and the
negative effects of not being proficient in English, it is not a simple task to become a proficient
English speaker. One factor that makes it particularly difficult is the relation between the
phonemic inventories of a speaker’s first and second languages (Hazan, Sennema, Iba, &
Faulkner, 2005). The Speech Learning Model (Flege, 1995) indicates that when learning new
sounds that are phonetically similar, those who are learning a second language attempt to
combine the sounds into phonetic categories previously established within their native language.
This categorization causes the English to sound distorted or accented.
Traditional accent reduction therapies have largely focused on auditory feedback to instruct
L2 learners. The research contains many examples of techniques using auditory feedback. One
technique is using a minimal-pair identification task. This assists the speaker to place the target
phonemes into larger phonetic categories in order to identify them. The trainees are instructed to
listen to a variety of English stimuli containing the target phonemes and select which phonetic
category the sound belongs to (Bradlow, Akahene-Yamada, Pisoni, & Tokhura, 1999). Research
has also found that the use of this minimal-pair technique led to understanding of these
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categories and generalization to untrained words. The improvements of their skills were retained
for months after the training had ended (Lively, Pisoni, Yamanda, Tohkura, & Yamada, 1994).
Using these auditory-focused techniques to help L2 learners identify the phonetic categories has
shown improvement in their production of the phonemic contrasts as well. In a study by Bradlow
et al. (1999), the researchers found that after trainings similar to the ones described above, the
trainees’ productions of the target phonemes were perceptually considered as “better
pronounced” by American English listeners.
Although, traditional approaches have used auditory cues in order to assist L2 learners,
some recent studies have shown the benefit of combining auditory with visual cues while
instructing L2 learners how to produce sounds in a native-like manner. Hazan et al. (2005)
evaluated 62 Japanese learners of English on their perception of the /r/ and /l/ phonemic contrast.
Each participant received 10 sessions of perceptual training either through auditory stimuli,
natural audiovisual stimuli (audiovisual stimuli matched with a natural face), or audiovisual
stimuli with a synthetic face matched with natural speech. Perception of the contrast and
pronunciation of the contrast actually improved in each of the groups. However, the most
improvement was found in the group who received natural audiovisual stimuli.
Using ultrasound technology is another visual method that has been found to be
beneficial for L2 acquisition. Ultrasound imaging is a way to visualize the position and
movement of the tongue during speech. This is especially helpful when producing sounds like
liquids (consonants that are made by only partially occluding the vocal tract with the tongue) that
are not easily seen in a mirror. The ultrasound image is created as high frequency sound waves
from the ultrasound probe move through the tongue and are then reflected off the surface of the
tongue. The ultrasound machine then calculates the time that it takes for the sound wave to
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reflect back to the probe and with that information creates an image of the tongue on the screen
(Wilson & Gick, 2006). In a preliminary study by Gick, Bernhardt, Bacsfalvi, and Wilson
(2008), researchers investigated the benefit of using ultrasound technology to remediate /r/ and
/l/ pronunciation. The three participants were Japanese learners of English who could already
produce these targeted phonemes in some contexts. After a one-hour session of highly interactive
training using the ultrasound feedback, each of the participants improved their pronunciation.
An additional method of visualizing a speaker’s articulation patterns during speech is
through dynamic palotometry or electropalatography (EPG). This is a computer-based
technology that displays contact between the tongue and the hard palate. A speaker’s
linguapalatal contact can be tracked in real time and can be recorded and stored for later analysis.
The user wears a relatively thin (2 mm) retainer-like pseudopalate that has 124 electrode sensors
arrayed on a symmetrical grid. Contact information is transferred from the sensor through a
USB data link, which is then displayed onto a computer screen.
Most commonly, this technology has been used in treating children with persistent sound
system disorders. Carter and Edwards (2004), evaluated the use of EPG technology in treating
this population. The participants in this study were between the ages of 7 and 14 years old and
were a mixture of both genders. The children either had articulation or dyspraxia related speech
disorders. Each subject participated in 10 sessions focusing on their individual target sounds
while using the EPG device. After the 10 sessions were completed, it was discovered that each of
the children produced fewer errors at the end of the study compared to the beginning. This study
was encouraging in that using this technology may assist in helping a wide variety of speech
sound disorders.
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On the other hand, a study conducted by Dent, Gibbon, and Hardcastle (1995) revealed
that EPG therapy was not beneficial for everyone. The subjects in this study were comprised of
children and young adults who had speech disorders. The participants were chosen because they
had either been unresponsive to therapy or they had reached a plateau in their therapy
progression. The authors found that feedback from the EPG device was helpful when the
subjects were creating completely new articulatory patterns or striving to halt abnormal tongue
movements. However, EPG therapy was not helpful for those clients who were unable to tolerate
the retainer-like device in their mouth for extended periods of time or for individuals who were
younger in age.
Although the studies discussed so far have been focused on the use of EPG therapy to
remediate speech sound disorders, there is also a limited amount of research on its use to help L2
learners with accent reduction. A study performed by Schmidt and Beamer (1997) focused on
assisting three adult native Thai-speakers improve their English. At the end of the 48 sessions
with the EPG device, all of the participants showed improvement in learning or modifying
articulatory placement for the target contrasts.
A similar study was conducted by Bright (1999) with native speakers of Spanish learning
English as a second language. The three adult participants in the study met with a clinician for
three 90-minute sessions each week over the course of one month. During these sessions, the
clinician demonstrated correct lingual placement using EPG and helped the subjects produce the
same correct lingual placement. Native English-speaking listeners judged the participants’
progress before and after therapy to determine the efficacy of the therapy techniques. The
researchers found a decrease in perceived foreign accent for each of the three participants
following the EPG training. These studies show that using the visual feedback/cueing that comes
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from the EPG device and technology can be beneficial when assisting native speakers of Thai
and Spanish striving to learn English.
Native Japanese speakers who are learning English as a second language commonly have
difficulty identifying and discriminating the /r/ and /l/ English phonemes. This difficulty arises in
part from the differences between the English and Japanese phonemic inventories. In the
Japanese language, there is a single phonemic liquid, /r/, whereas in English there are two, /r/ and
/l/ (Ingram & Park, 1998). Japanese learners of English are often unable to discriminate between
the two English liquids because they fall within the same phonetic category of their native
language.
Although some have wondered if it is worthwhile to attempt to remediate the /r/ and /l/
contrast concern amongst Japanese learners of English, Iverson, Hazan, and Bannister (2005)
have shown that therapy can help. The subjects in their study received therapy sessions that
implemented various training techniques. The results showed that each of the training techniques
helped to improve the subjects’ /r/ and /l/ distinction. McClelland, Fiez, and McCandliss (2002)
evaluated the ability of adult native speakers of Japanese to identify contrasting /r/ and /l/ stimuli
by using various training regimes. They saw improvements in the adults’ ability to discriminate
the phonemes in all training methods except for those adults who were in a group that did not
receive any feedback on their discrimination abilities. A similar study by Ingram and Park
(1998), found that following the introduction and familiarization of specific test words, subjects
were better able to correctly transcribe the stimuli when played an audio recording of the test
words.
Li (2017) delved into how English as a Second Language (ESL) students from Asian
countries felt about using an EPG device to help reduce their non-native accent of American
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English. She found that the participants were eager to use the EPG device because they reported
that it helped them gain awareness of correct tongue placement and by default reduce their
accent. The subjects mentioned that there was some initial discomfort in using the device. They
also found that their speech shortly after inserting the device appeared slightly distorted. Overall,
however, the participants found the device to be a socially acceptable tool and they presumed
that other ESL students from Asian countries would be comfortable using the EPG sensor.
Gibbon, Hardcastle, and Suzuki (1991) performed a study that focused on the
effectiveness of using EPG with two Japanese ESL speakers who had difficulty with the /r/ and
/l/ contrast. During the study, the participants were seen individually for 45-minutes each
session. Each session included the following stages: (a) demonstrations, explanations, and verbal
labels, (b) monitoring and change (this step used the EPG device), and (c) carry-over into typical
conversation. After these sessions, the EPG patterns for both individuals showed a clear
distinction between the /r/ and /l/ phonemes, while before the trainings there was none. Both of
the participants stated that not only could they produce the phonemes more clearly, but they
could also discriminate auditorily between /r/ and /l/.
Although these findings are beneficial, additional research is needed to more fully
understand the efficacy of using EPG to assist L2 learners to acquire the English /r/ and /l/ sound
contrast. Thus, the aims of this study are as follows:
1. Does an instructional technique involving visual feedback through an EPG device
assist L2 learners in acquiring the /r/ and /l/ sound contrast in American English?
2. Does an L2 student’s progress in acquiring the American English /r/ - /l/ phonemic
contrast while using an EPG device vary across speech task type?
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3. Does the word position of the American English phoneme /r/ or /l/ affect an L2
learner’s ability to produce the sound in a native-like manner?
Method
Participants
This study involved four native Japanese participants who were learning English as a
second language. The four participants will be referenced to by their initials (MK, NH, TA, YM).
All of the participants were students in their first semester at the English Language Center (ELC)
located at Brigham Young University (BYU), where they received specific English language
studies. Their ages ranged from 19 to 23 years (M = 21.2) and were selected based on a selfdescribed difficulty with the English /r/ and /l/ phonemes followed by a screening by student
clinicians to determine each individual’s ability to produce the /r/ and /l/ contrast. None of the
participants had any abnormalities of the oral cavity or dentition. Approval for this study was
received prior to data collection from Brigham Young University Institutional Review Board for
Human Subjects Research. An informed consent document was read and signed by each
participant.
L2 Instruction
EPG sensor. All of the participants in this study were instructed to have a mold of their
upper teeth and palate made at a local dental office. An EPG sensor was then created by
SmartPalate International© from the dental impressions. The EPG sensors that were used are
similar to a retainer used for orthodontic purposes. The sensors were about 2mm thick and
customized to fit the shape of an individual’s upper mouth, front teeth, and molars. Each sensor
has 124 gold-plated electrodes to track the movement of the tongue against the upper teeth and
palate. The data from the sensors are processed by a microprocessor I/O device, which the
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participants wore around their neck. The microprocessor then sends the contact pattern data
through a USB cord to a PC computer. While wearing the device, the user is able to see the
linguapalatal contact patterns during their speech production in real time. Figure 1 displays the
equipment and software described.

Figure 1. EPG sensor and software (www.completespeech.com).
Instructional approach and materials. This study used a hybrid instructional approach
that used traditional auditory feedback combined with intermittent, real-time visual feedback
provided by the EPG sensor. Each individual in the study participated in two 45-minute sessions
a week for four weeks. These sessions were held one on one with a graduate student in the
Communication Disorders Master’s program at BYU. Each session began with a five-minute
warm-up period with the EPG device in place. The next five minutes were spent practicing the /r/
and /l/ phonemes on their own in initial or final position (e.g., /lɑ/, /rɑ/, /ɑl/, /ɑr/). After this fiveminute independent practice session, participants were instructed to produce the correct
phonemes by using a hybrid approach combining visual and auditory feedback. They were
instructed to hit the targets on the contact pattern map provided by the EPG software and were
also trained on how to hear the phonemic difference. During this training period, participants
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would be asked to judge whether or not the student clinician’s production of the target phoneme
was correct or incorrect. The next 10 minutes were spent practicing words and phrases or
sentences. These stimuli changed every two sessions, progressively getting more difficult by
adding length or complexity. The EPG device was then removed, and the participant practiced
the same stimuli for the remainder of the session.
Pilot Data
Data were collected three times throughout this study. Baseline data were obtained one
week before the start of treatment. Posttreatment data were collected one week after the
termination of the treatment and follow-up data were collected six weeks after the posttest, seven
weeks after the last treatment session. All data collection sessions followed the same pattern. The
participants were asked to produce the English /r/ and /l/ speech sounds with and without the
EPG sensor in place. The target sounds were elicited in three different task types: a) nonsense
syllables, b) common English words, c) spontaneous speech elicited from the re-telling of a
familiar fairy tale and responses to questions. In all task types, the target speech sounds, /r/ and
/l/, were placed in both the initial and final word position.
This testing required the participants to produce the stimuli discussed, in random order.
This was done first without the EPG device in place. Once completed, the participants then
placed the EPG device in their mouths and after a five-minute period to get accustomed to the
device, repeated the stimuli in random order.
The data collection sessions were recorded using an external high-quality microphone at
a 44.1 sampling rate with a quantization of 32 bits. The lingua-palatal contact data were
transferred to a PC during data collection and saved as a .csv file, however, only the high-quality
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waveform files when the participants were not wearing the EPG device were analyzed in the
current study.
Data Analysis
The original high-quality waveform audio files were segmented and saved as smaller files
according to task type. Measurements of the third formant of each target sound was extracted
from the baseline, posttreatment, and follow-up recordings using Praat acoustic analysis software
(Praat: doing phonetics by computer, Amsterdam, The Netherlands, 1991). Using Praat, a track
of the third formant was plotted and saved as numerical values in a text file. An example of the
third formant plotting is shown in Figure 2.

Figure 2. Third formant plot in Praat
Formant values were measured approximately every five milliseconds (ms) over the
duration of the segment. The extraction algorithm relied on autocorrelation, as described in
Boersma (1993). For the sounds produced in initial word position, the F3 measures were
calculated from the second quartile (25%-50%) of the overall duration; for sounds produced in
final word position, the F3 measures were calculated from the third quartile (50%-75%) of the
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overall duration. These temporal points were used to decrease the influence of coarticulation
from surrounding speech sounds.
Measurement Reliability
To ensure reliability of the segmentation of the speech sounds, a second rater segmented
10% of the participant samples. The first- and second-rater measurements of the formant values
had a Pearson correlation of r = .98, p < .001. The mean difference between the segmentation
measures was 6.04 ms and the mean difference between formant measures was 15.7 Hertz. The
first rater’s segmentations were used in this study.
Results
The findings of this study were presented in terms of descriptive statistics. The F3 means
and standard deviations for the /r/ and /l/ phonemes across the word position, task type, and
assessment condition were calculated for each subject. In addition, figures display the difference
in F3 between /r/ and /l/ productions when the sounds were produced in similar linguistic
contexts (i.e., the same word position, task type, assessment condition).
MK
When averaged across word position and task type, MK exhibited an increase in the F3
difference between /r/ and /l/ productions from baseline (M = 529 Hz) to posttreatment
assessment (M = 600 Hz), as shown in Figure 3. However, the increase in difference between the
two sounds four weeks later at the follow-up assessment (M = 529 Hz) were identical to the
values obtained prior to the beginning of treatment. As illustrated in Figure 4, a large amount of
the F3 difference increase from baseline to posttreatment conditions was when MK was
producing nonsense syllables in initial word position, with mean values of 607 Hz and 964 Hz,
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F3 difference between /l/ ‐ /r/ (Hertz)
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Figure 3. Differences in F3 for MK’s productions of /r/ and /l/ across word position, assessment
condition, and task type.
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Figure 4. Differences in F3 for MK’s initial productions of /r/ and /l/ across assessment
condition and task type.
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Figure 5. Differences in F3 for MK’s final productions of /r/ and /l/ across assessment condition
and task type.
respectively. When producing spontaneous speech, relatively small increases were found for the
F3 difference between the initial /r/ and /l/ phonemes when comparing the baseline productions
to both the posttreatment (M = -76 Hz) and follow-up (M = -146 Hz) assessments. When the
phonemes were produced in the final position of words, MK demonstrated improvement when
producing words and spontaneous speech, as reported in Figure 5. There was a decrease in F3
mean difference of nonsense syllables across the assessments (baseline = 699 Hz, posttreatment
= 647 Hz, follow-up = 481 Hz). Despite this decline, at the follow-up assessment the F3 mean
difference was still greatest when the phonemes were produced in nonsense syllables (M = 481
Hz) as compared to words (M = 397 Hz) and spontaneous speech (445 Hz).
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NH
As illustrated in Figure 6, when averaged across word position and task type, NH exhibited
increases in the F3 difference between /r/ and /l/ productions from baseline (M = 295 Hz) to
posttreatment (M = 661 Hz) and follow-up (M = 787 Hz) assessments. When producing /r/ and /l/
in the initial position of words NH demonstrated increasing F3 mean differences from the
baseline assessment through the posttreatment and follow-up assessments, as shown in Figure 7.
These differences are maintained across the nonsense syllable and word tasks. For spontaneous
productions, a relatively large increase was found between the baseline and posttreatment
conditions, with a smaller increase in the follow-up condition. As shown in Figure 8, NH
demonstrated a steady increase of F3 mean difference across all task types and assessment
conditions in word final position. The most improvement was shown in the spontaneous speech
task where NH had a difference of 726 Hz from the baseline assessment to follow-up. This was

F3 difference between /l/ ‐ /r/ (Hertz)

followed by a 600 Hz improvement in nonsense syllables and a 286 Hz improvement in words.
900.0
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Followup

Figure 6. Differences in F3 for NH’s productions of /r/ and /l/ across word position, assessment
condition, and task type.
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F3 difference between /l/ ‐ /r/ (Hertz)

1000
800
600
400
Baseline

200

Post‐tx
Follow‐up

0
Nonsense

Word

Spontaneous

‐200
‐400
‐600

Task Type

Figure 7. Differences in F3 for NH’s initial productions of /r/ and /l/ across assessment condition
and task type.
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Figure 8. Differences in F3 for NH’s final productions of /r/ and /l/ across assessment condition
and task type.
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TA
When averaged across word position and task type, TA exhibited an increase in the F3
difference between /r/ and /l/ productions from baseline (M = 747 Hz) to the posttreatment
assessment condition (M = 1007 Hz), as shown in Figure 9. However, the increase in difference
between the two sounds returned to near baseline levels four weeks later at the follow-up
assessment (M = 737 Hz). As shown in Figure 10, TA demonstrated an increase in F3 difference
between initial /r/ and /l/ sounds in all task types when comparing the baseline assessment
condition to the posttreatment condition. The F3 mean differences was greatest when the
phonemes were produced in nonsense syllables (M = 1,419 Hz), followed by words (M = 1,239
Hz) and spontaneous speech (M = 290 Hz). In the follow-up assessment condition, the
differences decreased for sound productions elicited through both nonsense syllables (M = 1172
Hz) and spontaneous speech (M = -95 Hz). When the /r/ and /l/ phonemes were produced in the
final position of words, TA demonstrated an increase in F3 difference at the follow-up
assessment when producing words (M = +348 Hz) and spontaneous speech (M = +186 Hz).
These F3 differences are illustrated in Figure 11. It is important to note that due to recording
errors, data were not obtained for the word task type in the follow-up assessment condition, in
addition to the posttreatment data for the word final productions.
YM
As illustrated in Figure 12, when averaged across word position and task type, YM
demonstrated increases in the F3 difference between /r/ and /l/ productions from baseline (M =
375 Hz) to posttreatment (M = 592 Hz) and follow-up (M = 852 Hz) assessments. When /r/ and
/l/ were produced in the initial position of words YM demonstrated an 896 Hz difference from
the baseline assessment to the follow-up in nonsense syllables and a 659 Hz difference from the
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Figure 9. Differences in F3 for TA’s productions of /r/ and /l/ across word position, assessment
condition, and task type.
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Figure 10. Differences in F3 for TA’s initial productions of /r/ and /l/ across assessment
condition and task type.
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F3 difference between /l/ ‐ /r/ (Hertz)
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Figure 11. Differences in F3 for TA’s final productions of /r/ and /l/ across assessment condition
and task type.
baseline assessment to the follow-up in words, as shown in Figure 13. However, with
spontaneous speech the F3 mean difference decreased by 349 Hz from the baseline assessment to
the follow-up. As shown in Figure 12, YM exhibited an increase of F3 mean difference across all
task types and word positions from the baseline assessment to posttreatment assessment and
finally to the follow-up assessment. YM had the most improvement in the nonsense speech task
where this participant had a difference of 896 Hz from the baseline assessment to follow-up. The
participant also had a 659 Hz improvement in words. When the /r/ and /l/ phonemes were
produced in the final position of words, YM demonstrated an increase in F3 difference means at
both the posttreatment and follow-up assessment when producing nonsense syllables
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Figure 12. Differences in F3 for YM’s productions of /r/ and /l/ across word position, assessment
condition, and task type.
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Figure 13. Differences in F3 for YM’s initial productions of /r/ and /l/ across assessment
condition and task type.
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Figure 14. Differences in F3 for YM’s final productions of /r/ and /l/ across assessment condition
and task type.
(posttreatment = +485 Hz, follow-up = +531 Hz) and words (posttreatment = +703 Hz, followup = +733 Hz). An increase from baseline to the posttreatment condition in F3 difference means
was also found for YM’s spontaneous productions (+733 Hz), however data is unavailable for
the follow-up condition.
Discussion
The current study sought to determine if an instructional technique involving visual
feedback through an EPG device would assist Japanese L2 learners in acquiring the /r/ and /l/
sound contrast in American English. Considering that a lowering of F3 for /r/ sounds has been
found to be a distinguishing acoustic feature between the two phonemes, this study focused on
the difference in F3 values between the two phonemes prior to instruction, immediately
following the end of instruction, and six weeks following the cessation of instruction. All four
subjects showed a greater contrast in F3 between /r/ and /l/ from the baseline assessment to the
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posttreatment assessment. For subjects NH and YM an increase in the F3 contrast was also found
for the follow-up assessment six weeks following instruction. However, for two of the four
subjects (MK and TA), increases in the F3 contrast were not maintained at the follow-up
assessment, returning to near baseline measurements. It should be noted that both MK and TA
had relatively high F3 differences prior to treatment, with mean values of 529 Hz and 747 Hz,
respectively. These initial baseline values are close to values exhibited by typical English
speakers (O’Connor et al., 1957), which may lead to gains that are more difficult to maintain. In
terms of F3 differences between their /r/ and /l/ sound productions, three out of the four subjects
(NH, TA, and YM) exhibited F3 values that would be considered similar to speech produced by
typical American English speakers (O’Connor et al., 1957). These results are comparable to the
findings of Gibbon et al. (1991) who found that after individualized treatment with the EPG
technology, both of their native Japanese speaking participants demonstrated a clear distinction
between the /r/ and /l/ phonemes. These gains were compared by looking at the EPG contact map
patterns from before and after treatment and determining if there was a difference between the
two phonemes.
The current study also sought to determine if the subjects’ progress in acquiring the
American English /r/ - /l/ phonemic contrast varied across speech task type. In general, the
greatest differences in the F3 contrast were within the tasks with the lowest level of complexity –
nonsense syllables. One would expect that the next greatest difference in F3 contrast would be
phonemes produced in single words. This was found to be true when the phonemes were placed
in the initial position of words, however the opposite was true in the final position of words. This
phenomenon leads to questions about other influencing factors, such as prosodic differences, that
occur in running speech and not in single word repetition. When analyzing the speech task types
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across the various assessments, some interesting patterns become apparent. Two out of the four
subjects (NH and YM) showed improvement in the nonsense task type from the baseline
assessment to follow-up. The other two subjects, MK and TA, demonstrated varied improvement
dependent upon the position of the phoneme within the word. All four of the subjects showed
improvement in the word task type across the assessments. NH was the only subject who showed
overall improvement during the spontaneous speech task. The other three subjects showed an /r/
- /l/ F3 contrast that decreased after the treatment during this task. However, the lack of
acquisition in the spontaneous task is not surprising. The speech sound development hierarchy
typically begins at learning the sound in isolation, then increases in difficulty by producing the
sound in syllables, words, sentences, and finally spontaneous speech. Understanding of this
hierarchy sheds light on one potential reason why the subjects demonstrated less F3 contrast
between the phonemes during the spontaneous speech task.
Another question investigated by this study was how word position may affect the
subject’s ability to produce the /r/ and /l/ phonemes. Overall, three out of the four participants
showed a greater contrast in F3 in the initial position of words when compared to the final
position of words. YM was the only subject who demonstrated much greater contrast when the
phonemes were placed in the final position. However, when analyzing the gains made from
baseline assessment to the follow-up assessment, NH was the only participant to show overall
improvement in the F3 contrast of /r/ and /l/. Interestingly enough, there was more overall
improvement in the final position of words. This finding was slightly unexpected. In the
subjects’ native language, it is rare to have a consonant in the final position of a word. Perhaps
this stark difference from their native language made them more conscious of the phoneme that
was expected at the end of the target syllable or word.
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One limitation of the current study was the number of subjects. However, it is important
to note that this participant size is not unusual for research regarding the use of EPG to aid L2
learners. Schmidt and Beamer (1997) had three Thai-speaking participants, Bright (1999) had
three Spanish-speaking participants, and Gibbon et al. (1991) performed a study with only two
Japanese-speaking participants. Ideally, future studies would include a larger sample size so as to
obtain more data that can be generalized to the population.
Another limitation in the current study may have been the lack of a maintenance
program. The treatment sessions were completed right before a semester break. This meant that
the researchers were unable to hold follow-up treatments sessions after the bulk of treatment
ended because the participants were unavailable. The overall improvement from the baseline
assessment to the posttreatment assessment, which took place immediately after the treatment
sessions, is extremely promising. Perhaps if there was an occasional follow-up treatment session
after the four weeks of treatment ended, the results at the follow-up assessment might have been
more exclusively positive. This outcome may have also been achieved if the participants
received more than seven total sessions.
Another limitation of the study was that many of the samples that were collected were
extremely short in duration. Although the second quartile was used for extracting initial tokens
and the third quartile was used for extracting final tokens, some coarticulating effects from the
neighboring vowels may still have affected these data.
Unfortunately, some participants only produced a limited number of words with the /r/
and /l/ in initial and final word position during the spontaneous speech tasks. It proved to be
difficult to require a certain number of tokens while keeping the legitimacy of the spontaneity.
However, limited research has been completed on how treatment using EPG technology
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generalizes from less complex linguistic forms to spontaneous speech. For this reason, it is
valuable to report on the spontaneous data, even if it is more limited in scope than findings from
the other task types. Future research should also include a spontaneous speech task but should
consider making it more controlled so as to elicit additional opportunities to produce the tokens.
It is important to note that the F3 difference in /r/ and /l/ is only one measure of the
subjects’ ability to produce this sound contrast. This acoustic measure may or may not have fully
captured the participants’ actual improvement in their ability to be understood by listeners or
result in a decrease in the accent of their English pronunciation. It will be of significant value to
use EPG contact pattern maps and also perceptual ratings by listener judges to evaluate the
efficacy of the treatment used in the current study.
Despite the limitations of this study, it provides additional understanding into how native
Japanese speakers learning English as a second language can use EPG technology to adjust their
speech. This study is the first to outline a specific treatment protocol (see Appendix B) used in
each session. The importance of this accent reduction to those who desire it cannot be
understated as it has direct and indirect impacts on credibility and income (Lev-Arit & Keysar,
2010; Day & Shin, 2005). It is noteworthy that the majority of the subjects in the current study
had been attempting to master English for many years in their home country, yet still were able
to increase their ability to produce a contrast between /r/ and /l/ after the short span of four weeks
of treatment using the EPG device as feedback. It is the authors’ hope that this study may be
used as a foundation upon which future research is based.

25
References
Boersma, P. (1993). Accurate short-term analysis of the fundamental frequency and the
harmonics-to-noise ratio of a sampled sound. Institute of Phonetic Sciences, 17, 97-110.
Bradlow, A., Akahene-Yamada, R., Pisoni, D., & Tokhura, Y. (1999). Training Japanese
listeners to identify English /r/ and /l/: Long-term retention of learning in perception and
production. Perception & Psychophysics, 61, 977-985.
Bright, A. (1999). The palatometer as an instrument for accent reduction therapy with three
native ESL Spanish speakers (Master’s thesis). Brigham Young University, Provo, UT.
Carter, P., & Edwards, S. (2004). EPG therapy for children with long-standing speech disorders:
Predictions and outcomes. Clinical Linguistics & Phonetics, 18, 359-372.
Day, J. C., & Shin, H. B. (2005). How does ability to speak English affect earnings? Population
Division, U.S. Census Bureau. Presented at the Annual Meetings of the Population
Association of America, March 31.
Dent, H., Gibbon, F., & Hardcastle, B. (1995). The application of electropalatography (EPG) to
the remediation of speech disorders in school-aged children and young adults. European
Journal of Disorders of Communication, 30, 264-277.
Flege, J. (1995). Second language speech learning: Theory, findings, and problems. Speech
Perception and Linguistic Experience: Issues in Cross-Language Research, 8, 233-265.
Gibbon, F. E., Hardcastle, W. J., & Suzuki, H. (1991). An electropalatographic study of the /r/,
/l/ distinction for Japanese learners of English. Computer Assisted Language Learning, 4,
153-171.
Gick, B., Bernhardt, B., Bacsfalvi, P., & Wilson, I. (2008). Ultrasound imaging applications in
second language acquisition. Phonology and Second Language Acquisition, 36, 315-328.

26
Hazan, V., Sennema, A., Iba, M., & Faulkner, A. (2005). Effect of audiovisual perceptual
training on the perception and production of consonants by Japanese learners of English.
Speech Communication, 47, 360-378.
Ingram, J., & Park, S. (1998). Language, context, and speaker effects in the identification and
discrimination of English /r/ and /l/ by Japanese and Korean listeners. Journal of the
Acoustical Society of America, 103, 1161-1174.
Iverson, P., Hazan, V., & Bannister, K. (2005). Phonetic training with acoustic cue
manipulations: A comparison of methods for teaching English /r/-/l/ to Japanese adults.
Journal of the Acoustical Society of America, 118, 3267-3278.
Lev-Ari, S., & Keysar, B. (2010). Why don’t we believe non-native speakers? The influence of
accent on credibility. Journal of Experimental Social Psychology, 46, 1093-1096.
Li, Y. (2017). ESL learner experience using electropalatographic biofeedback (Unpublished
doctoral dissertation). Brigham Young University, Provo, United States of America.
Lively, S. E., Pisoni, D. B., Yamanda, R. A., Tohkura, Y., & Yamada, T. (1994). Training
Japanese listeners to identify English /r/ and /l/: III. Long-term retention of new phonetic
categories. Journal of the Acoustical Society of America, 94, 2076-2087.
McClelland, J. L., Fiez, J. A., & McCandliss, B. D. (2002). Teaching the /r/ - /l/ discrimination to
Japanese adults: Behavioral and neural aspects. Physiology & Behavior, 77, 657-662.
O’Connor, J. D., Gerstman, L. J., Liberman, A. M., Delattre, P. C., & Cooper, F. S. (1957).
Acoustic cues for perception of initial /w j r l/ in English. Word, 13, 25-43.
Schmidt, A. M., & Beamer, J. (1997). Electropalatography treatment for training Thai speakers
for English. Clinical Linguistics & Phonetics, 12, 389-403.

27
Wilson, I., & Gick, B. (2006). Ultrasound technology and second language acquisition research.
Proceedings of the 8th Generative Approaches to Second Language Acquisition
Conference (GASLA 2006) (pp.148-152). Somerville, MA: Cascadilla Proceedings
Project.

28
APPENDIX A
Consent Forms
Consent to be a Research Subject
Introduction
This study will test the effectiveness of a visual feedback method to teach English to native speakers of Korean and
Japanese. This instructional method uses a thin sensor to track tongue movement while someone speaks. Tongue
movements are then displayed on a computer screen. You have been invited to participate because you are an adult
learner of English who speaks one of the native languages of interest.
Procedures
Native speakers of Korean and Japanese at BYU’s English Language Center will be invited to participate in a
supplemental class in English pronunciation that will be paid for by the ELC. The study will include 14 weekly
sessions for one hour and three one-hour sessions of data collection to be completed in a noise-reducing booth
located in the Taylor building at BYU. Some students participating in the study will be randomly assigned to use an
oral sensor during instruction, while some students will receive instruction without the sensor. Students selected to
use the sensor will visit a licensed dentist to have an impression taken of their upper teeth. This will be used to
create the sensor, which is similar to an orthodontic retainer. Students will not be responsible for any costs related to
the creation of the sensor. Your speech pronunciation will be examined through audio recordings of your speech
made during the three sessions of data collection and at short intervals during your 14 weeks of instruction.
Risks/Discomforts
Risks associated with participation in this study are minimal. Sensors like the one used in this study have been used
for a number of years without any reports of problems. The sensor may cause some minor discomfort to the gums or
teeth during use. In addition, the participant may encounter some minor discomfort when the dental impression is
created. Your speech may sound different with the sensor in place and it may take time for you to become accustom
to speaking with the sensor in your mouth.
Benefits
Participation in the pronunciation class may help you improve your pronunciation. This study may also benefit
society by increasing understanding of how to help other learners to improve their pronunciation.
Confidentiality
All collected data will remain confidential and will only be reported without personally identifying information.
Records and files will be kept on password protected computers in a locked laboratory and only those directly
involved with the research will have access to them.
Participation
Participation in this research study is voluntary. You have the right to withdraw at any time.
Questions about the Research
If you have questions regarding this study, you may contact James Hartshorn, Ph.D. at (801) 422-4034 or Shawn
Nissen, Ph.D., at (801) 422-5056. If you have questions regarding your rights as a research participant, you
may contact the BYU IRB Administrator, A-285 ASB, Brigham Young University, Provo, UT, 84602 or at
(801) 422-1461.

I have read and fully understand the consent form. Any questions have been answered to my satisfaction.
I give my consent to participate in this research.
Signature: __________________________________________________
Printed Name: ______________________________________________

Date: ______________
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연구 참가 동의서
연구 소개
이 연구는 한국어, 중국어, 일본어를 모국어로 사용하는 사람들을 대상으로, 영어 교육 시 시각적
피드백의효과를 테스트하기 위한 연구입니다. 연구 방법으로는, 말할 때 혀의 운동을 감지하는 얇은
센서를사용할것이고, 컴퓨터 화면을 통해서 혀의 움직임이 보여질것입니다. 귀하는 이 연구에서 관심
있어 하는 언어를모국어로 사용하고 있고,
영어를 배우고 있는 성인이기 때문에 이 실험에 초청되었습니다.
연구 과정
한국어, 중국어, 일본어를 모국어로 사용하는 ELC 학생들은 발음 교정에 관한 추가 수업에 참여하도록
초청될것이고 이 수업비용은 ELC에서 부담할 것입니다. 이 연구는 14주 동안 1시간짜리 주간 세션과
자료수집을 위해3번의 1시간짜리 세션을 BYU 캠퍼스의 Taylor Building 안에 있는 방음장치가 되어있는
방에서 진행하는세션이 포함됩니다. 이 연구에 참여하는 몇몇 학생들은 무작위로 선택되어서, 수업을
듣는 동안 구강 센서를사용하도록 지정되고, 다른 학생들은 센서를 착용하지 않고 수업을 듣게 될
것입니다. 센서를 착용하도록 선택된학생들은 센서를 만드는 데 쓰기 위해서, 허가된 치과에 방문해서
윗니 본을 뜨게 될 것이고 이는 많이 사용하는교정 유지장치와 비슷할 것입니다. 학생들은 이에 관련된
어떠한 비용도 부담하지 않게 될 것입니다. 참가자들의발음을 자료 수집 세션과 14주간의 강의 동안에
녹음하고, 그 발음들을 연구 목적으로 쓰일 것입니다.
이 연구를 통해서 오는 위험, 불안 요소
이 연구에 참여하는 것과 관련된 위험요소는 아주 적을 것입니다. 이 연구에 사용될 센서는 수년간 다른
연구에사용되면서 문제가 보고된 바 없습니다. 센서를 사용하는 동안 잇몸과 치아에 약간의 불편을
일으킬 수있습니다. 그리고 치과에서 본을 뜨는 과정에서 약간의 불편이 있을수도 있습니다. 센서를
착용하고 약간 발음이달라질 수 있고, 센서를 착용하고 말하는데 익숙해지는 시간이 조금 걸릴 수도
있습니다.
이 연구에 참여함으로서 기대되는 이익
발음 교정 수업을 통해서 실험 참가자의 발음이 향상에 도움이 될 수 있습니다. 그리고 다른 사람들이
발음을배울 때 어떻게 도울 수 있는지 이해하는 데 도움을 줌으로서,
사회에 이익이 될 수 있습니다.
연구에 대한 비밀 보장
이 연구를 하면서 수집된 자료들은 비밀 보장이 되며, 연구 보고 시에는 개인과 관련된 정보들은
포함되지 않을것입니다. 기록과 관련 파일들은 보안이 되어있는 연구시설 안의 컴퓨터에 암호로
보호될 것이며 이 연구에 직접관련된 사람들만 파일에 접근할 수 있습니다.
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연구 참가자
이 연구 참가자들은 자발적으로 참여하게 되며 도중에 언제든지 연구 참여를 중단할 수있는 권리가
있습니다.
연구에 대한 질문
이 연구에 대해 질문이 있으시면James Hartshorn, Ph.D (전화번호 (801) 422‐4034) 이나 Shawn Nissen,
Ph.D (전화번호 (801) 422‐5056). 에게 연락 해주시기 바랍니다. 연구 참여자로서 관련된 권리에
대해질문이 있으시면 BYU IRB Administrator, A‐285 ASB, Brigham Young University, Provo, UT, 84602 or
전화번호 (801) 422‐1461 )으로 연락 주시기 바랍니다.
본인은 이 연구 참가 동의서를 읽고 충분히 이해했으며, 이 연구와 관련된 질문들은 충분히
대답되었습니다. 이연구 참가에 대해 동의 합니다
서명:_____________________________________________
참가자 이름:_______________________________________

날짜:_________________
Korean
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同意は、研究対象となります
紹介
この研究は、中国語、韓国語、日本語のネイティブスピーカーに英語を教えるために視覚的なフィ
ードバック法の有効性をテストします。この教育方法は、誰かが話すながら、舌の動きを追跡する
ために、薄いセンサーを使用しています。舌の動きは、次に、コンピュータ画面上に表示されます
。あなたはあなたが興味のネイティブ言語の一つを話す英語の成人学習者であるため、参加するよ
う招待されました。
手順
BYUの英語センターで中国語、韓国語、日本語のネイティブスピーカーがELCによって支払われる英
語の発音で補足クラスに参加するよう招待されます。研究では、1時間14毎週セッションとBYUでテ
イラーの建物内に位置してノイズ低減ブースで完了するために、データ収集の3つの1時間のセッシ
ョンが含まれます。研究に参
加した生徒は、ランダムに一部の学生は、センサーなしで命令を受信しますが、命令の実行中に経
口センサーを使用するために割り当てられます。ライセンス歯科医を訪問するセンサーを使用する
ために選択した学生は、上の歯を撮影した印象を持っています。これは、歯列矯正リテーナと類似
しているセンサを作成するのに使用されます。学生は、センサーの作成に関連する費用の責任を負
いかねます。あなたのスピーチの発音は、
命令のあなたの14週間の間に、データ収集の3つのセッションの間と短い間隔で行われたスピーチの
オーディ
オ録音を通じて検討します。
リスク/不快感
この研究への参加に関連するリスクは最小限に抑えられています。本研究で使用したようなセンサ
は、問題の任意の報告なしで長年にわたって使用されています。センサーは、使用中に歯茎や歯に
いくつかのマイナーな不快感を引き起こす可能性があります。歯科印象が作成されたときに加えて
、参加者はいくつかのマイナーな不快感が発生することがあります。あなたのスピーチは場所にセ
ンサーと異なって聞こえる場合があり、あなたの口の中にセンサーを話すことに慣らすになること
は時間がかかることがあります。
利点
発音クラスへの参加は、あなたの発音を向上させることがあります。この研究はまた、他の学習者
が自分の発音を改善するのに役立つ方法の理解を増加させることによって、社会の利益を得ること
ができます。
機密性
すべての収集されたデータは機密のままでのみ個人情報を特定せずに報告されます。レコードとフ
ァイルがロックされた実験室でのパスワード保護されたコンピュータ上に保存され、唯一の直接調
査と関係者は、それらにアクセスする必要があります。
参加
本調査研究への参加は任意です。あなたはいつでも撤回する権利を持っています。
研究に関する質問
あなたはこの研究について質問がある場合は、ジェームズ・ハーツホーン博士と接触することがで
きます, (801)422‐4034, またはショーンニッセン博士と接触することができます,(801)422‐5056。あな
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たは、研究参加者としての権利に関する質問がある場合は、BYU IRB の管理者に連絡することができ
、 A‐285 ASB 、ブリガム・ヤング大学、プロボ、ユタ州、84602 または( 801 )422‐1461で。
私は読み、完全に同意書を理解しています。どの質問でも私の満足に答えてきました。私は、この
研究に参加するために私の同意を与えます。

署名 ___________________________________________

年月日______________________

名前を印刷 ___________________________________________________

Japanese
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APPENDIX B
Instructional Protocol
Session 1:
Time

Activity

5 minutes
EPG in

Warm up (put in EPG unit, talk casually to adapt to the device)

5 minutes
EPG in

/l/ and /r/ in isolation, as well as:
/la/, /ra/
(lah, rah)
/li/, /ri/ (lee, ree)

10 minutes Minimal Pairs:
EPG in
Lad
Late
Light
Load

Rad
Rate
Right
Road

5 minutes
EPG out

/l/ and /r/ in isolation, as well as:
/la/, /ra/
(lah, rah)
/li/, /ri/
(lee, ree)

5 minutes
EPG out

Minimal Pairs:
Lad
Late
Light
Load

Rad
Rate
Right
Road

Session 2:
Time

Activity

5 minutes
EPG in

Warm up (put in EPG unit, talk casually to adapt to the device)

5 minutes
EPG in

/l/ and /r/ in isolation, as well as:
/la/, /ra/ (lah, rah)
/li/, /ri/ (lee, ree)
/lu/, /ru/ (loo, roo)

10 minutes Minimal Pairs:
EPG in
Law
Lace
Led
Lock

Raw
Race
Red
Rock
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Lot
Light
Load

Rot
Right
Road

5 minutes
EPG out

/l/ and /r/ in isolation, as well as:
/la/, /ra/
(lah, rah)
/li/, /ri/
(lee, ree)
/lu/, /ru/ (loo, roo)

5 minutes
EPG out

Minimal Pairs:
Law
Lace
Led
Lock
Lot
Light
Load

Raw
Race
Red
Rock
Rot
Right
Road

Session 3:
Time

Activity

5 minutes
EPG in

Warm up (put in EPG unit, talk casually to adapt to the device)

5 minutes
EPG in

/l/ and /r/ in isolation, as well as:
/la/, /ra/ (lah, rah)
/li/, /ri/ (lee, ree)
/lu/, /ru/ (loo, roo)

10 minutes Minimal Pairs:
EPG in
Pull
Stall
Deal
Call
Pole
Feel
Tool

Purr
Star
Dear
Car
Pour
Fear
Tour

5 minutes
EPG out

/l/ and /r/ in isolation, as well as:
/la/, /ra/
(lah, rah)
/li/, /ri/
(lee, ree)
/lu/, /ru/ (loo, roo)

5 minutes
EPG out

Minimal Pairs:
Pull
Purr
Stall
Star
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Deal
Call
Pole
Feel
Tool

Dear
Car
Pour
Fear
Tour

Session 4:
Time

Activity

5 minutes
EPG in

Warm up (put in EPG unit, talk casually to adapt to the device)

5 minutes
EPG in

/l/ and /r/ in isolation, as well as:
/la/, /ra/ (lah, rah)
/li/, /ri/ (lee, ree)
/lu/, /ru/ (loo, roo)

10 minutes Sentences:
EPG in
I lock the red door when I leave.
We really need the right tool to fix the car.
I call her to ask for a ride.
Last week I ran a long race.
The red jar fell off the counter.
We like to listen to rap music on the radio.
5 minutes
EPG out

/l/ and /r/ in isolation, as well as:
/la/, /ra/
(lah, rah)
/li/, /ri/
(lee, ree)
/lu/, /ru/ (loo, roo)

5 minutes
EPG out

Sentences:
I lock the red door when I leave.
We really need the right tool to fix the car.
I call her to ask for a ride.
Last week I ran a long race.
The red jar fell off the counter.
We like to listen to rap music on the radio.

Session 5:
Time

Activity

5 minutes
EPG in

Warm up (put in EPG unit, talk casually to adapt to the device)

5 minutes

/l/ and /r/ in isolation, as well as:
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EPG in

/la/, /ra/ (lah, rah)
/li/, /ri/ (lee, ree)
/lu/, /ru/ (loo, roo)
(Include these with /l/ and /r/ in the final position as well)

10 minutes Sentences:
EPG in
Ron’s school was lost in a fire.
Will licked the red sucker.
They put the red owl by the large bear.
She had her roses, a long veil, and wire.
We run in the door because there was hail and lightning outside.
The lion and tiger saw a snail on the roof.
5 minutes
EPG out

/l/ and /r/ in isolation, as well as:
/la/, /ra/ (lah, rah) (ahl, ahr)
/li/, /ri/
(lee, ree) (eel, eer)
/lu/, /ru/ (loo, roo) (ool, oor)
(Include these with /l/ and /r/ in the final position as well)

5 minutes
EPG out

Sentences:
Ron’s school was lost in a fire.
Will licked the red sucker.
They put the red owl by the large bear.
She had her roses, a long veil, and wire.
We run in the door because there was hail and lightning outside.
The lion and tiger saw a snail on the roof.

Session 6:
Time

Activity

5 minutes
EPG in

Warm up (put in EPG unit, talk casually to adapt to the device)

5 minutes
EPG in

/l/ and /r/ in isolation, as well as:
/la/, /ra/
(lah, rah) (ahl, ahr)
/li/, /ri/
(lee, ree) (eel, eer)
/lu/, /ru/ (loo, roo) (ool, oor)
(Include these with /l/ and /r/ in the final position as well)

10 minutes Spontaneous Speech:
EPG in
Tell a story based on these two pictures. Think about the /l/ and /r/ sound. Make
sure to watch the screen to self-monitor if you are hitting the targets or not.
Participate in a spontaneous conversation.
5 minutes

/l/ and /r/ in isolation, as well as:
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EPG out

/la/, /ra/ (lah, rah) (ahl, ahr)
/li/, /ri/
(lee, ree) (eel, eer)
/lu/, /ru/ (loo, roo) (ool, oor)
(Include these with /l/ and /r/ in the final position as well)

5 minutes
EPG out

Spontaneous Speech:
Tell a story based on these two pictures. Think about the /l/ and /r/ sound.
Participate in a spontaneous conversation.

Session 7:
Time

Activity

5 minutes
EPG in

Warm up (put in EPG unit, talk casually to adapt to the device)

5 minutes
EPG in

/l/ and /r/ in isolation, as well as:
/la/, /ra/
(lah, rah) (ahl, ahr)
/li/, /ri/
(lee, ree) (eel, eer)
/lu/, /ru/ (loo, roo) (ool, oor)
(Include these with /l/ and /r/ in the final position as well)

10 minutes
EPG in

Spontaneous Speech:
Tell me about your family.
What do you like to do to relax?
What music do you like to listen to?
What do you like/dislike about school?
What is the last book you read? (What was it about?)

5 minutes
EPG out

/l/ and /r/ in isolation, as well as:
/la/, /ra/ (lah, rah) (ahl, ahr)
/li/, /ri/
(lee, ree) (eel, eer)
/lu/, /ru/ (loo, roo) (ool, oor)
(Include these with /l/ and /r/ in the final position as well)

5 minutes
EPG out

Spontaneous Speech:
Tell me about your family.
What do you like to do to relax?
What music do you like to listen to?
What do you like/dislike about school? (What was it about?)
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APPENDIX C
F3 Measures for /r/ and /l/ Productions
Table 1
F3 Measurements of /r/ and /l/ Produced in Initial Word Position for MK across Task Type,
Assessment, and Phoneme Type
F3a
Task
Nonsense

Assessment

Phoneme

Mean

SD

Baseline

/l/

2930

46.736

/r/

2323

359.359

/l/

3065

102.091

/r/

2101

186.323

/l/

3049

295.583

/r/

2345

438.405

/l/

2771

97.764

/r/

2331

221.132

/l/

2823

84.040

/r/

2202

160.523

/l/

2843

85.913

/r/

2284

211.235

/l/

2946

211.931

/r/

2276

184.528

/l/

2791

177.856

/r/

2197

167.670

/l/

2903

93.817

/r/

2379

284.713

Post-tx

Follow-up
Words

Baseline
Post-tx

Follow-up
Spontaneous

Baseline
Post-tx
Follow-up

Note. aThird formant values are measured in Hertz.
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Table 2
F3 Measurements of /r/ and /l/ Produced in Final Word Position for MK across Task Type,
Assessment, and Phoneme Type
F3a
Task
Nonsense

Assessment

Phoneme

Mean

SD

Baseline

/l/

3130

207.361

/r/

2431

141.133

/l/

3009

78.204

/r/

2362

103.012

/l/

3074

140.614

/r/

2593

349.820

/l/

2944

109.109

/r/

2625

337.106

/l/

2746

75.393

/r/

2515

244.511

/l/

2906

96.960

/r/

2509

318.000

/l/

2888

155.686

/r/

2449

304.065

/l/

2904

48.508

/r/

2360

201.812

/l/

3003

135.065

/r/

2558

385.181

Post-tx

Follow-up
Words

Baseline
Post-tx

Follow-up
Spontaneous

Baseline
Post-tx
Follow-up

Note. aThird formant values are measured in Hertz.
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Table 3
F3 Measurements of /r/ and /l/ Produced in Initial Word Position for NH across Task Type,
Assessment, and Phoneme Type
F3a
Task
Nonsense

Assessment

Phoneme

Mean

SD

Baseline

/l/

3007

268.865

/r/

2574

374.328

/l/

3054

147.179

/r/

2297

99.228

/l/

3181

72.619

/r/

2314

188.137

/l/

2957

113.857

/r/

2575

290.099

/l/

2830

139.393

/r/

2409

85.747

/l/

3064

146.038

/r/

2494

292.305

/l/

2533

475.194

/r/

2759

265.000

/l/

3103

212.289

/r/

2375

118.433

/l/

2860

271.253

/r/

2367

112.629

Post-tx

Follow-up
Words

Baseline
Post-tx

Follow-up
Spontaneous

Baseline
Post-tx
Follow-up

Note. aThird formant values are measured in Hertz.
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Table 4
F3 Measurements of //r/ and /l/ Produced in Final Word Position for NH across Task Type,
Assessment, and Phoneme Type
F3a
Task
Nonsense

Assessment

Phoneme

Mean

SD

Baseline

/l/

2766

232.205

/r/

2232

139.773

/l/

3302

74.436

/r/

2237

198.160

/l/

3307

186.120

/r/

2173

258.700

/l/

2830

112.746

/r/

2485

389.821

/l/

2917

177.135

/r/

2416

290.020

/l/

3101

122.841

/r/

2470

424.001

/l/

2612

381.131

/r/

2309

145.594

/l/

2877

353.588

/r/

2386

287.133

/l/

3111

370.066

/r/

2082

158.360

Post-tx

Follow-up
Words

Baseline
Post-tx

Follow-up
Spontaneous

Baseline
Post-tx
Follow-up

Note. aThird formant values are measured in Hertz.
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Table 5
F3 Measurements of /r/ and /l/ Produced in Initial Word Position for TA across Task Type,
Assessment, and Phoneme Type
F3a
Task
Nonsense

Assessment

Phoneme

Mean

SD

Baseline

/l/

2475

588.049

/r/

1658

119.856

/l/

3091

269.388

/r/

1672

152.081

/l/

2941

193.922

/r/

1769

136.462

/l/

2852

166.627

/r/

1660

88.218

/l/

2904

207.323

/r/

1665

146.408

Post-tx

Follow-up
Words

Baseline
Post-tx

Follow-up
Spontaneous

Baseline
Post-tx
Follow-up

Note. aThird formant values are measured in Hertz.

/l/

164.004

/r/

1748

328.708

/l/

2940

200.562

/r/

2652

323.030

/l/

2907

156.990

/r/

2317

856.306

/l/

2687

159.677

/r/

2782

200.262
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Table 6
F3 Measurements of /r/ and /l/ Produced in Final Word Position for TA across Task Type,
Assessment, and Phoneme Type
F3a
Task
Nonsense

Assessment

Phoneme

Mean

SD

Baseline

/l/

3000

78.191

/r/

1975

287.654

/l/

2923

57.022

/r/

1843

144.341

/l/

2998

117.674

/r/

2085

96.645

/l/

2611

285.265

/r/

2320

457.783

Post-tx

Follow-up
Words

Baseline
Post-tx

Follow-up
Spontaneous

Baseline
Post-tx
Follow-up

Note. aThird formant values are measured in Hertz.

/l/

141.139

/r/

2203

401.109

/l/

2741

190.522

/r/

2102

311.590

/l/

2604

413.616

/r/

1735

279.307

/l/

7.778

/r/

2040

209.415

/l/

2862

167.979

/r/

1807

302.605
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Table 7
F3 Measurements of /r/ and /l/ Produced in Initial Word Position for YM across Task Type,
Assessment, and Phoneme Type
F3a
Task
Nonsense

Assessment

Phoneme

Mean

SD

Baseline

/l/

2841

86.361

/r/

2681

288.324

/l/

2743

93.013

/r/

2393

342.513

/l/

2886

117.204

/r/

1830

82.162

/l/

2627

324.724

/r/

2339

340.553

/l/

2721

83.655

/r/

2208

141.016

/l/

2870

113.154

/r/

1923

173.868

/l/

3461

818.830

/r/

2824

68.589

/l/

2868

66.839

/r/

2879

39.247

/l/

2871

171.298

/r/

2583

697.339

Post-tx

Follow-up
Words

Baseline
Post-tx

Follow-up
Spontaneous

Baseline
Post-tx
Follow-up

Note. aThird formant values are measured in Hertz.
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Table 8
F3 Measurements of /r/ and /l/ Produced in Final Word Position for YM across Task Type,
Assessment, and Phoneme Type
F3a
Task
Nonsense

Assessment

Phoneme

Mean

SD

Baseline

/l/

2529

276.273

/r/

1975

171.783

/l/

2693

179.830

/r/

1654

113.131

/l/

2869

113.755

/r/

1784

86.252

/l/

2462

279.935

/r/

2442

348.731

/l/

2746

112.433

/r/

2023

207.704

/l/

2882

94.531

/r/

2132

346.281

/l/

2582

226.274

/r/

1988

355.659

/l/

2937

217.768

/r/

1996

362.441

Post-tx

Follow-up
Words

Baseline
Post-tx

Follow-up
Spontaneous

Baseline
Post-tx
Follow-up

/l/
/r/

Note. aThird formant values are measured in Hertz.

251.192
2046

356.863
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APPENDIX D
Annotated Bibliography
Bright, A. (1999). The palatometer as an instrument for accent reduction therapy with three
native ESL Spanish speakers (Master’s thesis). Brigham Young University, Provo, UT.
Objective: This thesis examines the effectiveness of palatometry-based accent reduction
therapy. Method: Three adult female native speakers of Spanish were given palatometer therapy
for one month. Native English speakers were invited to participate as listener judges to determine
the level of accuracy of the native Spanish speakers. Each subject met with a clinician three
times a week for 90-minutes each session. The clinician demonstrated correct lingual placement
on the palatometer and then helped the subjects produce proper placement with minimal pairs.
Results: There was improvement in accent reduction for each of the three participants after the
palatometry training. Conclusion: Participants were able to use the visual cues from the
palatometer to correct their phoneme production for the target phonemes. Relevance to current
work: Although this thesis discusses native Spanish speakers, the progress from palatometry
therapy may be generalized to native speakers of other languages.
Carter, P. & Edwards, S. (2004). EPG therapy for children with long-standing speech disorders:
predictions and outcomes. Clinical Linguistics & Phonetics, 18 (6-8), 359-372.
Objective: This paper discusses whether or not using EPG technology in the treatment of
speech disorders in young children is effective. Method: The participants in this study ranged
from 7 to 14 years of age, being a mixture of both genders. The children had either articulation or
dyspraxia related speech disorders. The therapy targeted sounds individualized to the specific
participant’s needs. Each subject had ten sessions while using an EPG device. Results: All of the
children produced fewer errors at the end of therapy compared to the beginning of therapy
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showing that the EPG therapy was successful. Conclusions: EPG therapy was proven to be
successful in this group of participants. Of course, further long-term data would be needed to
determine whether or not the improvement lasts. Relevance to current work: This study shows
that individuals who struggle with articulation disorders may see progress by participating in
EPG therapy.
Day, J. C., & Shin, H. B. (2005). How does ability to speak English affect earnings? Population
Division, U.S. Census Bureau. Presented at the Annual Meetings of the Population
Association of America, March 31.
Objective: This article studies how individual’s ability to speak English affects the
amount of income they receive by looking at various aspects of their life. Method: Using the
Census 2000 long form, the authors summarized data into the following groups: employment
status, work status, language group, levels of English-speaking ability, age, sex, race, education,
occupation, and length of time in the US. Results: People who spoke a language other than
English at home were found to be less likely to be employed or have full-time employment. They
also found that workers who spoke only English earned $5,600 more than people who spoke a
different language. Individuals who spoke English “very well” earned $7,000 more than those
who only spoke English “well”. Conclusion: How well an individual speaks English will
influence their ability to succeed in the English-dominant US. Relevance to current work: The
information found in this article provides a validation for individuals learning English as a
second language to desire accent reduction therapy. The better they speak English, the more
successful they can be in their careers.
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Dent, H., Gibbon, F., & Hardcastle, B. (1995). The application of electropalatography (EPG) to
the remediation of speech disorders in school-aged children and young adults. European
Journal of Disorders of Communication, 30, 264-277.
Objective: This article looks at how EPG devices can aid in the treatment of speechdisordered children and young adults. Method: Subjects were chosen because they had either
always been unresponsive to therapy or they had reached a plateau in their therapy progression.
Target sounds differed from client to client based on their individual needs. Results: 18 of the 23
subjects successfully completed their EPG treatment. EPG was found to be useful in helping
these subjects create completely new articulatory patterns, halt abnormal tongue movements, and
modify some aspects of existing patterns. Conclusion: Feedback from the EPG device can help
individuals to re-learn correct habits where incorrect habits have taken place. EPG therapy was
not helpful for all of the clients. Those who cannot tolerate the retainer-like device in their mouth
or those who are too young may not benefit from this type of training. Relevance to current
work: In this article, it is shown that EPG can help individuals correct or modify articulation
patterns. This is useful not only in individuals with speech disorders, but also those who seek
accent reduction therapy.
Hazan, V., Sennema, A., Iba, M., & Faulkner, A. (2005). Effect of audiovisual perceptual
training on the perception and production of consonants by Japanese learners of English.
Speech Communication, 47, 360-378.
Objective: This article evaluated how audiovisual perceptual training can help a learner to
pronounce a new contrast in sounds. Method: 62 Japanese learners of English were evaluated on
their perception of the /l/-/r/ contrast. Each participant received ten sessions of perceptual
training either through auditory stimuli, natural audiovisual stimuli, or audiovisual stimuli with a
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synthetic face matched with natural speech. Results: Perception of the contrast improved in all
groups. The Japanese learners’ pronunciation of the contrast also improved. The most
improvement was found in the group who received natural audiovisual stimuli. Conclusions:
Audiovisual perceptual training can provide a benefit for Japanese individuals learning English,
especially with the /l/-/r/ contrast. Relevance to current work: This study shows that the
participants in the current study may find some benefit from working with the EPG and receiving
audiovisual feedback from the device and the clinicians.
Ingram, J., & Park, S. (1998). Language, context, and speaker effects in the identification and
discrimination of English /r/ and /l/ by Japanese and Korean listeners. Journal of the
Acoustical Society of America, 103, 1161-1174.
Objective: This study examines the ability of Japanese and Korean listeners to identify
and discriminate between the English phonemes /r/ and /l/ when spoken by native speakers of
Australian English. Method: Two Australian male speakers recorded 50 test words with the
target phonemes included. Twenty subjects (ten Japanese and ten Koreans) participated in the
study. Subjects were first introduced to and familiarized with the test items and later were asked
to write the word that they heard from the recording. Results: Prior phonological learning and the
relative acoustic discriminability of the items were shown to affect the subjects’ performance on
the identification test. Test items given in medial position were better discriminated than those
that were in initial and cluster positions. Conclusion: The phonological learning that took place
before the discrimination and identification testing was crucial to the success of the subjects.
Relevance to current work: The subjects in this study and the target phonemes are being
addressed in the current work. The discrimination and identification testing done here may be of
use to the current work.
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Iverson, P., Hazan, V., & Bannister, K. (2005). Phonetic training with acoustic cue
manipulations: A comparison of methods for teaching English /r/-/l/ to Japanese adults.
Journal of the Acoustical Society of America, 118, 3267-3278.
Objective: It has been proposed that Japanese adults struggle to learn the English /l/ and
/r/ because they are too sensitive to acoustic cues that do not apply in English /l/-/r/
categorization. This work examined whether or not auditory training can change cue weightings
and then compared the different training techniques used. Method: 62 subjects, with ages ranging
from 18-40 years were divided into groups, each group receiving a different type of training (16
each in the Secondary Cue Variability and All Enhanced conditions; 15 each in HVPT and
Perceptual Fading). All groups received 10 training sessions, each lasting about 30 minutes.
During the sessions, subjects viewed minimal pair words on the computer screen, heard one of
the words, and then selected “R” or “L” depending on which of the words they thought they
heard. Results: All of the training techniques helped to improve the /r/-/l/ distinction by the
subjects. However, there was no substantial difference within the separate techniques.
Conclusion: It is worthwhile to spend time training Japanese adults to differentiate the English /r/
and /l/ phonemes because improvement will be noted. Relevance to current work: The procedure
used in this study may be beneficial to the current work. The appendix at the end of this article
contains many minimal pairs that may also be beneficial to the current work.
Lev-Ari, S. & Keysar, B. (2010). Why don’t we believe non-native speakers? The influence of
accent on credibility. Journal of Experimental Social Psychology, 46, 1093-1096.
Objective: This article states that because nonnatives are more difficult to understand
than native speakers and therefore is harder to process, listeners perceive them as less credible.
Method: The study was carried out in two different experiments. The first experiment had trivia
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statements read aloud by either native or non-native speakers of English and was then judged by
native English speakers. In the second experiment, it was tested whether awareness reduces the
question of credibility. Results: Accented speech was rated as less credible than native speech,
however, a heavier accent was not judged less truthful than a mild accent. Conclusions: When
native speakers of English have a harder time processing what a conversational partner has said
to them, they find that person’s words less credible instead of simply recognizing that it is just
harder to understand. Relevance to current work: Although it is upsetting that native speakers
automatically perceive non-native speaker’s words as less credible; this information may give
even further validity to the accent reduction therapy in the current work.
Li, Y. (2017). ESL learner experience using electropalatographic biofeedback (Unpublished
doctoral dissertation). Brigham Young University, Provo, United States of America.
Objective: This thesis paper investigates the use of EPG technology to help second
language learners acquire their pronunciation goals more effectively and how the subjects felt
about these methods. Method: This study involved 9 subjects ranging from 21 to 42 years old.
Subjects were fitted with a SmartPalate sensor and received 12 sessions of pronunciation training
over a seven-week period. Surveys were given to the participants to determine how they felt the
pronunciation training went. Results: The participants noticed that the EPG sensor was effective
in helping them gain awareness of correct tongue placement. They also believed that other ESL
students from Asian countries would find the sensors appealing. They mentioned that there was
some initial discomfort in using the sensor. Conclusion: The subjects in this study found that the
EPG usage was helpful and somewhat socially acceptable tool. They enjoyed having
individualized instruction from the teacher. The subjects also noted that over time, they did
continue to have pronunciation difficulties even though they expected to have perfect
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pronunciation after using the sensor. Relevance to current work: It is important to know what
subjects from the Asian culture feel about the EPG sensor. The results from this study also make
it clear that instructions should be transparent about the expected results of using the EPG
sensors.
McClelland, J. L., Fiez, J. A., & McCandliss, B. D. (2002). Teaching the /r/ - /l/ discrimination to
Japanese adults: Behavioral and neural aspects. Physiology & Behavior, 77, 657-662.
Objective: This study evaluated the ability of adult native speakers of Japanese to identify
contrasting /r/-/l/ stimuli. Method: Two different training regimes were used: an adaptive method
and a fixed training method. Some subjects received feedback on whether or not they were
correct and some did not. Results: There were improvements in the adults’ ability to discriminate
the phonemes in all training methods except for fixed training without feedback. It was also
found that this training also affected their speech perception rather than just the auditory
processes. Conclusions: It is possible to help Japanese adults discriminate between difficult
phonemes. Relevance to current work: This article gives credibility to the idea that Japanese
students can be trained in order to recognize the difference between the /l/ and /r/ English
phonemes.
Schmidt, A. M., & Beamer, J. (1997). Electropalatography treatment for training Thai speakers
for English. Clinical Linguistics & Phonetics, 12, 389-403.
Objective: This study evaluated the effectiveness of using EPG feedback in order to
reduce a foreign accent by helping subjects recognize contrast in certain English consonants.
Method: Three adult native Thai-speaking subjects participated in the study. Each subject was
seen for two 45-minute sessions per week. During their sessions, the first 10 minutes were spent
conversing with the clinician while wearing the pseudopalate in order to become accustomed to
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the device. Then, students were tested on 10 productions of each of the different contrasts that
were being targeted without visual feedback. After this testing, the subjects practiced producing
the contrasts with the visual feedback. Subjects were taught to produce a stable contrast in initial
position first, followed by final position. Results: All subjects were successful in learning or
modifying articulatory placement for the contrasts targeted. Conclusions: Using the EPG
feedback was effective for second-language modification when the contrasts include sounds that
have lingual-palatal contact. Relevance to current work: This study, although focusing on Thai
speakers, showed that adult second-language learners experience accent reduction through EPG
feedback.

